To reexamine whether the ␣5 chain of type IV (␣5 [IV]) collagen, thought to be absent, is in fact present in human amniotic membrane. METHODS. Cryosections of human amniotic membrane obtained at Cesarean section were immunohistochemically examined for the presence of ␣5(IV), with or without inclusion of the denaturing step. Amniotic membrane was digested with collagenase to release the noncollagenous NC1 domain from the ␣-chain. The NC1 domain of ␣5(IV) was then assayed on Western blot analysis. Identical experiments were performed with human corneas and conjunctivae obtained from an American eye bank. RESULTS. The basement membrane of denatured samples of amniotic membrane and cornea stained positive for ␣5(IV). Without the denaturing step, only corneal samples were positive. With or without denaturing, conjunctival epithelium did not stain. Western blot analysis detected NC1 domains of ␣5(IV) in amniotic membrane and corneal samples.
T he basement membrane is a continuous sheet of specialized extracellular matrices (e.g., collagen types IV and VII, laminins, entactin, and heparin sulfate proteoglycan). It separates epithelial and endothelial cells from the underlying connective tissue, serves as a molecular filter in capillaries and glomeruli, prevents the passage of proteins, and provides the scaffolding that maintains normal tissue architecture during regeneration and growth. 1 The function of the basement membrane is closely related to its composition, and in different areas of the body, the ratio of its components varies. Furthermore, each component is made up of a class of several isoforms.
The major structural component, type IV collagen, is a helical trimer of the ␣(IV) chain with a globular NC1 domain at the carboxyl termini. The trimer further combines to form supramolecular networks by dimerization at the carboxyl terminus through the NC1 domains and by forming tetramers at the amino terminus. To date, six different ␣(IV) chains, ␣1(IV) to ␣6(IV), have been identified. 2, 3 Whereas the ␣1(IV) and ␣2(IV) chains are ubiquitous components of all basement membranes, ␣3(IV) to ␣6(IV) exhibit restricted tissue distribution.
The amniotic membrane, which comprises the innermost placental layer, consists of a single layer of epithelial cells, a thick basement membrane, and an avascular stromal matrix. Amniotic membrane has been widely used as a graft in ocular surface transplantation since Kim and Tseng reintroduced its use in 1995. 4 In their immunohistochemical study, Fukuda et al. 5 demonstrated that ␣5(IV) is absent in the basement membrane of amniotic membrane and conjunctiva, but found it in that of the corneal epithelium. Consequently, the basement membrane of the amniotic membrane is thought to be similar to that of the conjunctival epithelium but different from that of the corneal epithelium.
However, we and others 6 -11 have used intact or epithelially denuded amniotic membrane as a substrate for cultivating corneal limbal epithelial cells. The cells proliferate well and form a three-dimensional multilayered structure closely resembling corneal epithelial tissue. Moreover, ocular surface reconstruction in which cultivated cells were used with the membrane as a graft has succeeded in the treatment of acute and severe ocular surface disorders such as chemical burns and Stevens-Johnson syndrome. [12] [13] [14] This led us to question the assumed incompatibility of amniotic membrane and corneal epithelial cells and to reexamine the presence of ␣5(IV) chains in amniotic membrane and corneal and conjunctival basement membranes. Our findings that the ␣5(IV) chain was in fact present in the amniotic membrane but not in the conjunctival basement membrane, encouraged a revision of earlier assumptions and suggest amniotic membrane as a useful substrate for growing corneal epithelial cells.
Tissues and Materials
Prior informed consent to harvest amniotic membrane was obtained, in accordance with the tenets of the Declaration of Helsinki for research involving human subjects, from women scheduled for Cesarean section. Our study was approved by the Institutional Review Board of Kyoto Prefectural University of Medicine. The membranes were washed with phosphate-buffered saline (PBS) and preserved with 50% glycerol containing Dulbecco's modified Eagle's medium (Invitrogen Corp., Carlsbad, CA) at Ϫ80°C until use. Corneas and conjunctivae were obtained from corneal-scleral rim after removal of donor corneal material (Northwest Lions Eye Bank, Seattle, WA) that was used in penetrating keratoplasty, by careful cutting under a binocular microscope.
Monoclonal antibodies against ␣5(IV) were H52 (Shigei Medical Research Institute, Okayama, Japan) for immunohistochemical and MAB5 (Wieslab, Lund, Sweden) for Western blot studies. For the detection of entactin (nidogen) we used monoclonal antibody JF6 (Chemicon International, Temecula, CA). Other reagents were of the highest grades. Disclosure: K. Endo, None; T. Nakamura, None; S. Kawasaki, None; S. Kinoshita, None
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Immunohistochemistry
Semithin (6 m) frozen sections were obtained from unfixed tissue embedded in optimal cutting temperature (OCT) compound (TissueTek; Miles, Inc., Elkhart, IN). After a 20-minute fixation with cold acetone, they were or were not, exposed for 10 minutes to 6 M urea-0.1 M glycine-HCl (pH 3.5) solution and incubated for 30 minutes with 10% goat serum. Then they were exposed for 1 hour to diluted (1:200) H52, washed three times with PBS, and incubated for 1 hour with Alexa Fluor 488 -conjugated anti-rat IgG antibody (Molecular Probes, Inc., Eugene, OR). After three PBS washes, the sections were mounted on glass slides with antifade medium containing propidium iodide (Vectashield; Vector Laboratories, Burlingame, CA) and examined under a fluorescence microscope.
Western Blotting
The NC1 fraction of type IV collagen was obtained as described previously. 15 Briefly, amniotic membrane, conjunctiva, and cornea without Descemet's membrane were homogenized into 50 mM TrisHCl buffer containing protease inhibitors and then incubated with collagenase type IV (Invitrogen) at 37°C for 48 hours. Insoluble materials were removed by 15-minute centrifugation at 10,000g and the supernatant was subjected to reduced sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The amounts of protein applied ranged from 14 to 60 g. Because the level of contamination of proteins derived from epithelia and adjacent tissues varied among the samples, they were adjusted so that they manifested comparable entactin bands. Resolved proteins were electrically transferred onto a polyvinylidene fluoride (PVDF) membrane (Bio-Rad Laboratories, Hercules, CA) and blocked in PBS containing 5% nonfat milk, followed by a 1-hour incubation with the primary antibody (MAB5 or JF6) at room temperature. A combination of biotinylated anti-mouse IgG (secondary antibody; Vector Laboratories) and the an alkaline phosphatase assay kit (Amplified Alkaline Phosphatase Immun-Blot; Bio-Rad) was used for chromogenic staining according to the manufacturer's instructions. Band intensities were quantified on computer (Image PC software; Scion Corp., Frederick, MA).
RESULTS

Immunohistochemistry
In the absence of glycine-urea treatment, none of the three different human amniotic membranes we examined manifested immunoreactivity for ␣5(IV) (Fig. 1D) . On the other hand, all samples pretreated with glycine-urea were strongly and evenly fluorescent for ␣5(IV) just below the epithelium (Fig. 1A) . In human cornea, fluorescence was observed on Bowman's membrane even without glycine-urea treatment (Fig. 1E) ; it was intense in urea-pretreated samples (Fig. 1B) . Conjunctival samples were negative for ␣5(IV) fluorescence regardless of whether they had, or had not, been pretreated (Figs. 1C, 1F ).
Western Blot Analysis
On Western blot analysis of amniotic membrane-and corneal samples, the ␣5(IV) chain was detected as a 25.5-kDa band and 52-to 60-kDa bands (Fig. 2) . Reportedly, the low molecular weight band is a monomeric NC1 subunit of ␣5(IV), whereas the high molecular weight bands are the dimeric forms. 16 -18 Of note, in the cornea we detected an 82-kDa immunoreactive substance against anti-␣5(IV) antibody in addition to dimers and monomers. As the sample resisted further digestion, we concluded that this was not the result of incomplete digestion. To our knowledge, ours is the first report of this complex. Based on its molecular weight, we posit that it represents a trimer of the NC1 subunits. Densitometric analysis demonstrated that in the cornea, 20.5% of total ␣5(IV) was incorporated into the trimerlike complex; in amniotic membrane it was less than 0.5%. No bands were detected in the conjunctival samples. The presence of bands for entactin, a component of basement membrane, confirmed that the protein content in these samples was the same as in basement membrane.
DISCUSSION
Our immunohistochemical findings in urea-pretreated samples demonstrated the presence of the ␣5 chain of collagen type IV on amniotic membrane as well as corneal basement membrane. However, it was absent on conjunctival basement membrane. Western blot analysis confirmed these findings. Our results are contrary to those reported by others. 5 As shown in Figure 1 , our immunohistochemical detection of ␣5(IV) is due to our pretreating the samples with glycine-urea.
Most immunohistochemical studies using antibodies against ␣5(IV) require that the tissue be pretreated with urea, 17,19 -22 because the epitope these antibodies recognize is apt to be masked in normal nondenatured tissue. Glycine-urea treatment opens up the NC1 domain in such a way that the antigenic epitope is presented, thus enabling antibody recognition. H52 is no exception and the supplier recommends adding acidic , D), cornea (B, E) , and conjunctiva (C, F). There is obvious staining (green) just beneath the epithelium of amniotic membrane and corneal samples that had been subjected to glycine-urea pretreatment (A-C). Without pretreatment (D-F), amniotic membrane did not stain. Conjunctival samples were negative for ␣5(IV), with or without urea pretreatment. Scale bar: 50 m.
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IOVS, June 2004, Vol. 45, No. 6 urea pretreatment to the regular immunohistochemical protocol. At present, we do not know why acidic urea pretreatment was not necessary for the detection of ␣5(IV) in corneal epithelial basement membrane. We posit that the trimerlike complex we observed consists of the NC1 domain of ␣5(IV) (Fig.  2) . The NC1 domain of ␣5(IV) in the undigested trimerlike complex may serve to maintain a state in the corneal basement membrane in which the antibodies have easy access without denaturing. Such an ␣5(IV) complex may be peculiar to corneal epithelial basement membrane because, to our knowledge, it has not been observed in other tissues. Studies are underway in our laboratory to address this question.
In the normal physiology of the corneal epithelium, ␣5(IV) constitutes a highly important component. The recurrent corneal erosion in patients with Alport's syndrome may reflect mutation(s) in the gene for ␣5(IV). [23] [24] [25] [26] The basement membrane of patients with dysplastic corneal epithelium reportedly lacks ␣5(IV). 20 Because ␣5(IV) is present in amniotic membrane and remains even after epithelial denudation with EDTA, we suggest that it is a suitable substrate for cultivating corneal epithelial cells. Our work extends existing observations regarding the collagen composition of human amniotic membrane. The presence of the ␣5(IV) chain in amniotic-and corneal basement membrane may recommend the former as an excellent substrate for corneal epithelial cells.
